DESCRIPTION 
FLUORORESIN POWDER COATING COMPOSITION 
TECHNICAL FIELD 

The present invention relates to a non-vinylidene 
fluororesin powder coating material having blocking 
resistance and high impact resistance. 
BACKGROUND ART 

A solvent-soluble curable fluororesin coating 
material containing a copolymer of a fluoroolefin having 
a crosslinkable functional group with a vinyl ether or a 
vinyl ester { crP-A-59-102962 , JP-A-61-57609 ) presents a 
coating film excellent in corrosion resistance, 
durability, stain-removal properties, etc., and has been 
widely used in recent years in e.g. a heavy duty 
corrosion prevention, building or industrial field. 

However, a solvent coating material releases an 
organic solvent to the environment during its use and 
thus is regarded as a factor of environmental pollution. 
In order to cope with an environmental pollution problem 
which has been increasingly serious year after year, 
attention has been drawn to a fluororesin powder coating 
material 

Usually, a powder coating. material is produced by 
melt-kneading a composition having a preliminarily 
pulverized resin component and other additives blended, 
followed by pulverization e.g. by a hammer mill, or 
produced by mixing such a resin composition as dissolved 



in a solvent, with other additives, followed by spray 
drying . 

A powder coating material containing a 
polyvinyl idene fluoride resin as the main component has a 
high crystallinity and thus is required to be baked at a 
high temperature of at least 200^*0, and it further has a 
problem that a coating film having adequate gloss can 
hardly be obtainable, whereby the application is rather 
limited. 

JP-A-2-60968 proposes a powder coating material 
containing a copolymer of a f luoroolefin having a 
crosslinkable functional group with a vinyl ether or a 
vinyl ester. 

Here, there is no disclosure of the glass transition 
temperature (Tg) of this copolymer, but with a copolymer 
having a Tg of at most 40''C, the lower the Tg, the lower 
the blocking resistance. Here, the blocking resistance 
means a nature to prevent fusion of particles to one 
another during the storage of the powder coating material , 
Further, it is required to carry out pulverization at a 
low temperature at the time of preparation of the powder 
coating material, whereby a low temperature energy is 
required only for the purpose of pulverization, thus 
leading to an increase of costs. 

On the other hand, a powder coating material 
containing as the main material a non-vinyl idene 
fluororesin having a Tg higher than 40''C, is excellent in 
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efficiency in the pulverization and in blocking 
resistance of the obtained powder, but it has had a 
problem that when impact resistance higher than a 
conventional level is required, such a requirement can 
5 not be satisfied. 

DISCLOSURE OF THE INVENTION 

Under these circumstances, the present inventors 
have conducted an extensive study and as a result, have 
found a non-vinylidene fluororesin powder coating 

10 material which is excellent in weather resistance and 
corrosion resistance and yet can be pulverized at room 
temperature and which is excellent in blocking resistance 
of the obtained powder and is capable of satisfying the 
requirement for higher impact resistance than before, and 

15 have arrived at the present invention. 

Ncimely, the present invention has the following 
gists. 

(1) A fluororesin powder coating composition 
characterized by comprising a non-vinyl idene fluororesin 

20 having a Tg higher than 40''C and a resin having a Tg of 
from 10 to 40''C. 

(2) The fluororesin powder coating composition according 
to the above (1), wherein the blend ratio (mass ratio) of 
the non-vinylidene fluororesin having a Tg higher than 

25 40''C/the resin having a Tg of from 0 to 40°C, is from 
95/5 to 30/70. 

(3) The fluororesin powder coating composition according 



to the above (1) or (2), characterized in that the non- 
vinylidene fluororesin has crosslinkable reactive groups, 
and the fluororesin powder coating composition contains a 
curing agent capable of reacting with the crosslinkable 
reactive groups to form crosslinkages . 

(4) The fluororesin powder coating composition according 
to the above (3), wherein the crosslinkable reactive 
groups are hydroxyl groups, carboxyl groups, amide groups 
amino groups, mercapto groups, glycidyl groups, active 
halogen groups, isocyanate groups or hydrolysable silyl 
groups . 

(5) The fluororesin powder coating composition according 
to any one of the above (1) to (4), wherein the resin 
having a Tg of from 0 to 40°C is an acrylic resin, a 
polyester resin or a non-vinylidene fluororesin. 

(6) The fluororesin powder coating composition according 
to any one of the above (1) to (5)., wherein the non- 
vinylidene fluororesin having a Tg of from 0 to 40®C is 
curable with a curing agent which is capable of curing 
the non- vinylidene fluororesin having a Tg higher than 
40°C. 

(7) The fluororesin powder coating composition according 
to any one of the above (1) to (6), wherein the non- 
vinylidene fluororesin comprises fluoroolefin units- and 
monomer units copolymerizable with the fluoroolefin units 
BEST MODE FOR CARRYING OUT THE INVENTION 

The fluororesin powder coating composition of the 
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present invention comprises at least a non- vinyl idene 
fluororesin having a Tg higher than 40^C. If Tg of the 
non -vinyl idene fluororesin of the present invention is 
not higher than 40®C, blocking is likely to occur, 
5 whereby preparation (pulverization) of a powder coating 
material tends to be difficult, and the object of the 
present invention can hardly be accomplished. 
Particularly, Tg of the non- vinyl idene fluororesin is 
preferably from 40 to 7 0°C, especially preferably from 50 

10 to 65°C. 

The non- vinyl idene fluororesin in the present 
invention comprises fluoroolefin units and monomer units 
copolymerizable with the fluoroolefin and preferably have 
crosslinkable reactive groups. As the material for the 

15 fluoroolefin units, one such as tetraf luoroethylene (TFE) , 
chlorotrif luoroethylene (CTFE) , trif luoroethylene , 
hexaf luoropropylene (HFP) or pentaf luoropropylene , may, 
for example, be used. Further, vinylidene fluoride may 
also be used in a small amount, but a resin composed 

20 mainly of vinylidene fluoride, is excluded. 

As the monomer copolymerizable with the fluoroolefin, 
one which will not substantially impair the weather 
resistance of the coating film, may be used. Usually, an 
ethylenically unsaturated compound, for example, an alkyl 

25 vinyl ether such as ethyl vinyl ether, propyl vinyl ether, 
(iso) butyl vinyl ether, 2-ethylhexyl vinyl ether or 
cyclohexyl vinyl ether; an ester of an alkylcarboxylic 



acid with a vinyl alcohol, such as vinyl acetate, vinyl 
propionate, vinyl (iso)butyrate, vinyl valerate or vinyl 
cyclohexanecarboxylate; an ester of an aromatic 
carboxylic acid with a vinyl alcohol, such as vinyl 
benzoate; an alkyl allyl ether such as ethyl allyl ether, 
propyl allyl ether, (iso) butyl allyl ether or cyclohexyl 
allyl ether; an alkyl allyl ester such as ethyl allyl 
ester, propyl allyl ester or (iso) butyl allyl ester; an 
alkene such as ethylene, propylene or (iso)butylene; or 
(meth) acrylate such as methyl (meth) acrylate, ethyl 
(meth) acrylate, propyl (meth) acrylate, (iso)butyl 
(meth) acrylate or 2-ethylhexyl (meth) acrylate, may, for 
example, be mentioned. These monomers may be used alone 
or in combination of two or more of them. 

The crosslinkable reactive groups may, for example, 
be hydroxyl groups, carboxyl groups, amide groups, amino 
groups, mercapto groups, glycidyl groups, halogen atoms 
such as bromine or iodine, isocyanate groups or 
hydrolysable silyl groups. 

A method for introducing crosslinkable reactive 
groups to the non- vinyl idene fluororesin may, for example 
be a method of copolymerizing a monomer having a 
crosslinkable reactive group, a method of partially 
decomposing a copolymer, or a method of reacting 
functional groups of a copolymer with a compound capable 
of presenting a crosslinkable reactive group. 

As the monomer having a crosslinkable reactive group. 



a monomer having a hydroxy 1 group, a carboxyl group, an 
amide group, an amino group, a mercapto group, a glycidyl 
group or an isocyanate group, or a hydrolysable silyl 
group, may, for example, be mentioned. 

For example, a monomer having a hydroxy 1 group may 
be a hydroxyalkyl vinyl ether such as hydroxyethyl vinyl 
ether, hydroxypropyl vinyl ether, hydroxybutyl vinyl 
ether or hydroxycyclohexyl vinyl ether; an ester of a 
hydroxyalkylcarboxylic acid with a vinyl alcohol, such as 
vinyl hydroxyacetate, vinyl hydroxypropionate, vinyl 
hydroxybutyrate or vinyl hydroxycyclohexanecarboxylate; a 
hydroxyalkyl allyl ether such as hydroxyethyl allyl ether, 
hydroxypropyl allyl ether or hydroxybutyl allyl ether; a 
hydroxyalkyl allyl ester such as hydroxyethyl allyl ester, 
hydroxypropyl allyl ester or hydroxybutyl allyl ester; or 
a hydroxyalkyl (meth) acrylate such as 2 -hydroxyethyl 
acrylate, hydroxypropyl acrylate or 2 -hydroxyethyl 
methacrylate, or a compound having such a monomer 
partially fluorinated. 

A monomer having a carboxyl group may, for example, 
be undecylenic acid, (meth) acrylic acid or a 
carboxylalkyl allyl ether. 

A monomer having an amide group may, for example, be 
(meth) aery 1 amide or N-methylolacrylamide . 

A monomer having an amino group may, for example, be 
an aminoalkyl vinyl ether, or an aminoalkyl allyl ether. 

Further, a monomer having a glycidyl group, may, for 
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example, be glycidyl (itieth) acrylate, glycidyl vinyl ether 
or glycidyl allyl ether. 

A monomer having an isocyanate group may, for 
example, be vinyl isocyanate or isocyanate ethylene 
5 acrylate . 

As a monomer capable of presenting the above- 
mentioned crosslinkable site, a vinyl or allyl compound 
is preferably employed from the copolymerizability with a 
f luoroolef in . 

10 In a case where the non-vinylidene fluororesin has 

crosslinkable reactive groups, the fluororesin powder 
coating composition of the present invention preferably 
further contains a curing agent capable of reacting with 
the crosslinkable reactive groups to form crosslinkages . 

15 As such a curing agent, in a case where the crosslinkable 
sites are hydroxyl groups, a compound having an 
isocyanate group, a carboxyl group or the like, or a 
melamine resin, may, for example, be used as the curing 
agent . 

20 In a case where the crosslinkable sites are carboxyl 

groups, a compound having a hydroxyl group, an amino 
group, an isocyanate group, a glycidyl group or the like, 
may, for example, be used as the curing agent. 

In a case where the crosslinkable sites are amino 

25 groups, a compound having a carboxyl group, a glycidyl 

group, an isocyanate group or the like, may, for example, 
be used as the curing agent . 



In a case where the crosslinkable sites are glycidyl 
groups, a compound having a hydroxyl group, a carboxyl 
group; an amino group, an isocyanate group, a hydra zide 
group or the like, may, for example, be used as the 
curing agent . 

In a case where the crosslinkable sites are 
isocyanate groups, a compound having a hydroxyl group, a 
carboxyl group, an amino group or the like, may, for 
example, be used as the curing agent. 

The compound having an isocyanate group may, for 
example, be a blocked isocyanate compound, for example, a 
compound obtained by blocking an isocyanate group of an 
isocyanate compound, such as a polyisocyanate compound 
such as isophorone diisocyanate, tolylene diisocyanate, 
xylylene diisocyanate, 4,4' -diphenylmethane diisocyanate 
or hexamethylene diisocyanate, or a dimmer or trimer 
thereof, or a polyisocyanate compound modified with a 
polyhydric alcohol such as trimethylolpropane, with a 
blocking agent such as e-caprolactam, phenol, benzyl 
alcohol or methyl ethyl ketone oxime. 

The compound having a carboxyl group may, for 
example, be an aliphatic dibasic acid such as fumaric 
acid, succinic acid, adipic acid, azelaic acid, sebacic 
acid or dpdecanoic diacid, an acid anhydride such as 
phthalic anhydride, trimellitic anhydride or pyromellitic 
anhydride, or a polyester resin or acrylic resin having 
an acid value. 
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The compound having a glycidyl group may, for 
example, be diglycidyl terephthalate, diglycidyl 
paraoxybenzoate , tr iglycidyl isocyanate , spiroglycol 
diglycidyl ether or an alicyclic epoxy resin. 
5 The compound having a hydroxyl group may, for 

example, be 1, 4-bis-2 ' -hydroxyethoxybenzene, 
bishydroxyethyl terephthalate , a styrene/allyl alcohol 
copolymer, spiroglycol or a polyester or acrylic resin 
having a hydroxyl value . 

10 Further, dicyandiamide and a dicyandiamide 

derivative, imidazole and an imidazole derivative, a 
dibasic acid dihydrazide, diaminodiphenylmethane, cyclic 
amidine or a hydantoin compound may, for example, be used. 
The non-vinyl idene fluororesin having a Tg higher 

15 than 40®C can be obtained by optionally selecting the 
type of a f luoroolef in, the type of a monomer 
copolymer izable with the f luoroolef in, the type of a 
monomer having a crosslinkable reactive functional group 
and the compositional ratio thereof. 

20 The fluororesin powder coating composition of the 

present invention further contains a resin having a Tg of 
from 0 to 40°C. Here, if a resin having a Tg lower than 
0°C, is used, the fluororesin powder coating composition 
of the present invention tends to undergo blocking. On 

25 the other hand, if a resin having a Tg higher than 40*^0 
is used, the dispersibility with the non- vinyl idene 
fluororesin having a Tg higher than 40'^C, tends to be 



poor, whereby the purpose of the present invention can 
hardly be accomplished. It is particularly preferred 
that Tg of the above resin is from 10 to 40^C, especially 
from 20 to 40''C. 

As the resin having a Tg of from 0 to 40''C to be used 
in the present invention, an acrylic resin, a polyester 
resin or a non-vinylidene fluororesin may, for example, 
be used. 

The acrylic resin may, for example, be a copolymer 
of methyl methacrylate with ethyl methacrylate, propyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate, 
t -butyl methacrylate, n-hexyl methacrylate, cyclohexyl 
methacrylate, lauryl methacrylate, 2-ethylhexyl 
methacrylate, methyl acrylate, ethyl acrylate, propyl 
acrylate, n-butyl acrylate, isobutyl acrylate., t-butyl 
acrylate, n-hexyl acrylate, cyclohexyl acrylate, lauryl 
acrylate or 2-ethylhexyl acrylate. 

The polyester is a condensate of a polybasic 
carboxylic acid and a polyhydric alcohol. As the 
carboxylic acid component, terephthalic acid or 
isophthalic acid is the main component, and an aromatic 
dicarboxylic acid such as 2 , 6-naphthalene dicarboxylic 
acid; an aliphatic dicarboxylic acid such as succinic 
acid or adipic acid; or an alicyclic dicarboxylic acid, 
may, for example, be mentioned. Further, as the 
carboxylic acid component, a trivalent or higher valent 
carboxylic acid may be contained in a small amount. 
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With respect to the above polyhydric alcohol, as a 
dihydric alcohol, ethylene glycol, diethylene glycol or 
1, 2 -propanediol, or as a trihydric alcohol, 
trimethylolethane, trimethylolpropane or 3-inethylpentane- 
5 1,3,5-triol, may, for example be mentioned, and a 

tetrahydric or higher hydric alcohol may also be used. 

As the non-vinylidene fluororesin, one comprising 
the same fluoroolefin units and monomer units 
copolymer izable with the fluoroolefin, as in the case of 
10 the non-vinylidene fluororesin having a Tg higher than 
40*^C, may be employed. 

This resin having a Tg of from 0 to 4 0°C may not have 
crosslinkable reactive groups, but preferably has 
crosslinkable reactive groups such as hydroxyl groups, 
15 carboxyl groups, amide groups, amino groups, mercapto 
groups, glycidyl groups or isocyanate groups. 

As a method for introducing such crosslinkable 
reactive groups, in a case where the resin having a Tg of 
from 0 to 40*^0 is a non-vinylidene fluororesin, a method 
20 of copolymerizing a monomer having a crosslinkable 

reactive group used for the non-vinylidene fluororesin 
having a Tg higher than 40°C, may be employed. 

In a case where the resin having a Tg of from 0 to 
40°C is an acrylic resin, a method of copolymerizing an 
25 unsaturated carboxylic acid such as acrylic acid, 
methacrylic acid, maleic acid or crotonic acid; a 
hydroxyalkyl (meth) acrylate such as 2-hydroxyethyl 
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acrylate, hydroxypropyl acrylate or 2-hydroxyethyl 
methacrylate; an epoxy group-containing (me th) acrylate 
such as glycidyl (meth) acrylate, may be employed. 

This non-vinylidene fluororesin having a Tg of from 
0 to 40°C is preferably curable with a curing agent which 
is capable of curing the non-vinylidene fluororesin 
having a Tg higher than 40°C. 

Among the resins having a Tg of from 0 to 40®C, the 
non-vinylidene fluororesin is preferred from the 
viewpoint of the weather resistance and solvent 
resistance of the coating film, and the compatibility 
with the non-vinylidene fluororesin having a Tg higher 
than 40°C. This non-vinylidene fluororesin more 
preferably has crosslinkable reactive groups. It is 
further preferred that the non-vinylidene fluororesin 
having a Tg of from 0 to 40®C is curable with a curing 
agent which is capable of curing the non-vinylidene 
fluororesin having a Tg higher than 4 0°C, whereby the 
stain resistance and solvent resistance of the coating 
film can further be improved. 

By blending the non-vinylidene fluororesin having a 
Tg higher than 40®C and the resin having a Tg of from 0 
to 40°C, the impact resistance can be improved while 
maintaining the pulverization efficiency at the time of 
the pulverization and the blocking resistance of the 
obtained powder, as the characteristics of the non- 
vinylidene fluororesin having a Tg higher than 40°C and 
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the weather resistance, solvent resistance, stain 
resistance, etc. as the characteristics of the non- 
vinylidene fluororesin. 

The blend ratio (mass ratio) of the non- vinyl idene 
5 fluororesin having a Tg higher than 40°C/the resin having 
a Tg of from 0 to 40''C, is preferably from 95/5 to 30/70, 
more preferably from 80/20 to 50/50. By maintaining this 
blend ratio, the above-mentioned various characteristics 
can be maintained at high levels in good balance. 
10 EXAMPLES 

Now, the present invention will be described in 
further detail with reference to Examples. 

In the following Preparation Examples, Working 
Examples and Comparative Examples, ''parts" and mean 
15 ''parts by mass" and "mass %", unless otherwise specified. 
PREPARATION EXAMPLE 1 

Into a pressure resistant reactor (pressure 
resistance: 5.0 MPa) made of stainless steel, having an 
internal capacity of 3 00 mL and equipped with a stirrer, 
20 100 g of xylene, 35 g of cyclohexyl vinyl ether (CHVE) , 5 
g of ethyl vinyl ether (EVE) , 10 g of 4-hydroxybutyl 
vinyl ether (HBVE) , 1 g of calcium carbonate and 0.07 g 
of perbutyl perpivalate (PBPV) were charged, and 
dissolved oxygen in the liquid was removed by 
25 solidif ication/deaeration by liquid nitrogen. 

Then, 50 g of chlorotrif luoroethylene (CTFE) was 
introduced, and the temperature was gradually raised. 



While maintaining the temperature at 65°C, the reaction 
was continued. 

10 Hours later, the reactor was cooled with water to 
stop the reaction. This reaction solution was cooled to 
room temperature, and then, unreacted monomers were 
purged. The obtained reaction solution was filtered 
through diatomaceous earth to remove solid substances 
thereby to obtain a fluorinated copolymer solution having 
a solid content concentration of about 50%. From this 
solution, xylene and liquid unreacted monomers were 
removed by an evaporator, followed by drying under 
reduced pressure to obtain a fluorinated copolymer A-1 
having a Tg of 55°C. 
PREPARATION EXAMPLES 2 to 5 

Fluorinated copolymers A-2 to A-5 were obtained in 
the same manner as in Preparation Example 1 except that 
the monomer composition was changed as shown in Table 1 . 



Table 1 



Preparation 
Example No. 


1 


2 


3 


4 


5 


Monomer composition (%) 


CTFE 


50 


50 


50 


50 




VdF 










78 


TFE 










16 


HFP 










3 


CHVE 


35 


20 


25 






EVE 


5 


20 




30 




MMA 






10 






Vinyl 
benzoate 






10 


5 




Veova 10 








5 




HBVE 


10 


10 


5 


5 




Solid content 
concentration (%) 


50 


47 


48 


47 


40 


Glass transition 
temperature (Tg) 


55°C 


30°C 


55°C 


2 0°C 


5°C 


Fluorinated 
copolymer 
( identification) 


A-1 


A-2 


A- 3 


A-4 


A- 5 



In Table 1, CTFE: Chlorotrif luoroethylene 



VdF: Vinylidene fluoride 
TFE : Tetraf luoroethylene 
HFP : Hexaf luoropropylene 
CHVE: Cyclohexyl vinyl ether 
EVE: Ethyl vinyl ether 
HBVE: 4-Hydroxybutyl vinyl ether 
Veova 10 : Alkyl vinyl ester 
PREPARATION EXAMPLE 6 

Into a reactor made of stainless steel, having an 
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internal capacity of 3 00 ml and equipped with a stirrer, 
100 g of xylene, 60 g of methyl methacrylate (MMA) , 30 g 
of n-butyl methacrylate (nBMA) , 10 g of 2-hydroxyethyl 
methacrylate (HEMA) and 0.07 g of perbutyl pivalate 
(PBPV) were charged, and dissolved oxygen in the liquid 
was removed by solidif ication/deaeration by liquid 
nitrogen. 

This solution was heated and maintained at a 
temperature of 70°C, and the reaction was continued with 
stirring. 

5 Hours later, the reactor was cooled with water to 
stop the reaction. This reaction solution was cooled to 
room temperature to obtain an acrylic copolymer solution 
having a solid content concentration of about 50%. From 
this solution, xylene and unreacted monomers were removed 
by an evaporator, followed by drying under reduced 
pressure to obtain an acrylic copolymer A-6 having a Tg 
of 15^C. 

PREPARATION EXAMPLE 7 

An acrylic copolymer A- 7 was obtained in the same 
manner as in Preparation Example 6 except that the 
monomer composition was changed as shown in Table 2 . 
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Table 2 



Preparation 
Example No. 


6 


7 


Monomer 

composition 

(%) 


MMA 


60 


5 


nBMA 


30 


25 


EA 




63 


HEMA 


10 


7 


Solid content 
concentration (%) 


50 


50 


Glass transition 
temperature (Tg) 


75°C 


-lO^C 


Acryl copolymer 
( identification) 


A-6 


A-7 



EXAMPLE 1 

50 Parts of the fluorinated copolymer A-1, 47 parts 
5 of A-2, 2 0 parts of adduct B-1530 { e-caprolactam blocked 
isocyanate, manufactured by Hiils Corp, solid content: 
100%) as a curing agent, 0.5 part of Modaflow (leveling 
agent manufactured by Monsanto Company) , 0.5 part of 
benzoin and 3 0 parts of titanium dioxide, as additives, 
10 and 0.1 part of tridecyl phosphite as an oxidation 

stabilizer, were mixed by a high speed mixer and melt- 
kneaded by a twin screw extruder heated at 120'^C. 
Thereafter, pulverization was carried out by means of a 
pin mill, and classification was carried out by means of 
15 a 180 mesh screen to obtain a powder coating material 

having a 50% average volume particle size of about 40 vm. 
The obtained resin solution was passed through a 
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spray drying apparatus for an organic solvent (Turning 
type spray dryer, manufactured by Sakamoto Giken K.K.) 
connected to a bottom discharge tube, to obtain a 
spherical powder coating material having an average 
5 particle size of 15 um. 

The obtained powder coating material was 
electrostatically coated on a zinc phosphate-treated 
steel plate and cured for 2 0 minutes in an oven of 180*^C 
to obtain a coating film. 
10 With respect to the obtained coating film, the 

physical properties were evaluated. The results are 
shown in Table 3 . 

The physical properties were evaluated as follows. 
Impact resistance 
15 By a DuPont impact (1/2 inch, weight: 1 kg, height: 

50 cm) test, the change in appearance was examined. 

O: No cracking or peeling of the coating film 
observed. 

A: Cracking or peeling of the coating film 
20 partially observed. 

X : Cracking or peeling of the coating film 
substantially observed. 
Blocking resistance 

With respect to the powder coating material after 
25 storage at 40°C for 7 days, evaluation was made under the 
following standards. 

O: No blocking observed. 



A: Blocks observed but cannot be pinched by fingers. 
X: Blocks which can be pinched by fingers, observed. 
Weather resistance 

After 3 000 hours in a sunshine carbon weather meter, 
the appearance of the coating, film was visually evaluated. 

O : No substantial surface deterioration of the 
coating film observed. 

A : Surface deterioration of the coating film 
observed . 

X : Substantial surface deterioration and chalking 
were observed. 

Appearance of the coating film (smoothness) 

The surface state (the seeding state) of the coating 
film was visually evaluated. 

O: No abnormality observed. 

A: Slight seeding observed. 

X : Substantial seeding observed. 
Stain resistance 

After outdoor exposure at an angle of 45° facing 
south in Kawasaki City for 3 months, the stain of the 
coating film was visually evaluated. 

O: The stain on the surface can easily be wiped 

off. 

A : The stain on the surface can be removed by 
cleaning. 

X : Substantial stain is attached to the surface and 
can not be removed even by cleaning. 
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Further, the same composition as above was dried 
under reduced pressure instead of spray drying, melt- 
kneaded by a melt kneader, then left to cool and 
pulverized at room temperature by a hammer mill, whereby 
5 it was easily pulverized. 

EXAMPLES 2 and 3 and COMPARATIVE EXAMPLES 1, 2 and 4 

Powder coating materials (50% volume average 
particle size: about 40 ]im) were obtained in the same 
manner as in Example 1 except that the components as 
10 disclosed in Table 3 were employed, and the electrostatic 
coating was carried out in the same manner as in Example 
1 except that these coating materials were used, and the 
physical properties of the obtained coating films were 
evaluated - 

15 EXAMPLE 4 and COMPARATIVE EXAMPLE 3 

Using the components as identified in Table 3, melt 
kneading was carried out in the same manner as in Example 
1, and then, freeze pulverization by means of a pin mill 
was carried out together with liquid nitrogen to obtain 

20 powder coating materials (50% volume average particle 

size: about 30 um) , and electrostatic coating was carried 
out in the same manner as in Example 1 except that these 
coating materials were used, and the physical properties 
of the obtained coating films were evaluated, 

25 The results are shown in Table 3 together with the 

results of Example 1 . 
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Table 3 





Examples 


Comparative 
Examples 


1 


2 


3 


4 


1 


2 


3 


4 


Copolymers 


A-1 




7d 




o b 


b U 


n n 
/ U 


/ D 


1 n o 
XU U 


A- 2 


47 




47 












A-3 






48 




48 








A-4 




24 














A- 5 








15 










A- 6 












30 






A-7 














25 




Curing 
agent 


Adduct B- 
153 0 


20 


15 


15 


18 


20 


20 


12 


20 


Additives 


Modaf low 












0 5 




0 . 5 


Benzoin 


0 . 5 


0 . 5 


0 . 5 


0 . 5 


0 . 5 


0 . 5 


0 . 5 


0 . 5 


Titanium 
dioxide 


30 


30 


30 


30 


3 0 


30 


3 0 


3 0 


Oxidation 
stabilizer 


Tridecyl 
phosphite 


0.1 


0.1 


0 . 1 


0 . 1 


0 . 1 


0.1 


0.1 


0.1 


Coating 
conditions 


Baking 

temp (°C) 


180 


180 


180 


180 


180 


180 


180 


180 


Baking 

time 

(min) 


20 


20 


20 


20 


20 


20 


20 


20 


Impact resistance 


O 


O 


O 


O 


X 


X 


O 


X 


Blocking resistance 


o 


O 


O 


O 


o 


o 


X 


O 


Weather resistance 


o 


O 


O 


A 


o 


A 


A 


O 


Appearance of the 
coating 


o 


O 


O 


O 


o 


A 


O 


O 


Stain resistance 


o 


o 


o 


O 


o 


O 


A 


o 



As is evident from the foregoing, the impact 
resistance can not be improved by blending non-vinyl idene 
fluor ores ins having a Tg higher than 40°C one another or 
by blending a non- vinyl idene fluororesin having a Tg 
higher than 40°C with an acrylic resin having the same Tg, 
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and a non-vinylidene fluororesin having a Tg of not 
higher than 40°C, is poor in blocking resistance. 
Whereas, the fluororesin powder coating composition 
comprising a non-vinylidene fluororesin having a Tg 
5 higher than 40''C and a resin having a Tg of from 0 to 

40°C, has high impact resistance and further is excellent 
in blocking resistance. 

Particularly, it is evident that in a case where, as 
in Examples 1 to 4, the resin having a Tg of from 0 to 

10 40°C is curable with a curing agent capable of curing the 
non-vinylidene fluororesin having a Tg higher than 40*^0, 
each of the impact resistance, blocking resistance, 
weather resistance, appearance of the coating and stain 
resistance, is excellent. 

15 INDUSTRIAL APPLICABILITY 

According to the present invention, it is possible 
to obtain a non-vinylidene fluororesin powder coating 
material which is excellent in weather resistance and 
corrosion resistance and can be pulverized at room 

20 temperature and which is excellent in blocking resistance 
of the obtained powder and can satisfy the demand for 
impact resistance higher than the conventional level. 

The entire disclosure of Japanese Patent Application 
No. 2001-295295 filed on September 27, 2001 including 

25 specification, claims and summary is incorporated herein 
by reference in its entirety. 



